, the Earth's Energy Budget (Earthobservatory.nasa.gov), shows that more than 106
70% of the reflected solar radiation occurs in the atmosphere. While the Earth surface 107 absorbs incident shortwave (SW) solar energy nearly one third is reflected back into 108 space. The heat absorbed at the surface does not reach any significant depth because the 109 surfaces low thermal conductivity. The absorbed energy instead is re-emitted as long 110
wavelength radiation (LWR) energy mostly during the nighttime. 111
The energy directly released into the atmosphere, is known as sensible heat (SH)-and is 112 transferred as radiant thermal energy or heat. This latent heat (LH) is the energy released 113 or absorbed by a substance during a phase change. A balance must exist between 114
incoming and radiated solar energy or else the surface of Earth would permanently heat 115
up. This process of radiative exchange is complex. Generally the LWR emitted by the 116
Earth into the atmosphere gets absorbed and maintains a thermal equilibrium with the 117 atmosphere. When the sky is clear the LWR escapes into space since the atmosphere is 118
"transparent" to the radiation in the 8.0-12.0 µm spectral wavelengths. Sometimes this 119 atmospheric window can be partially blocked by clouds or pollution and outgoing LWR 120 could be reabsorbed by the atmosphere and re-emitted in all directions. 121
The outgoing LWR at the top of the atmosphere (TOA) has been estimated by satellite 122 sensors as outgoing long wave radiation (OLR). The net result is that radiative losses 123 from the atmosphere are generally balanced by the energy re-emitted as heat from Earth's 124 surface. Later, mainly during the formation of clouds, the water vapor condensates and the 125 LH is released into the atmosphere (estimated by SLHF from NCEP). This leads to heat 126 transfer from the surface into the atmosphere, which is one of the main drivers of the 127 general, atmospheric circulation (Goosse et al, 2016) 128 129 2.Methods for recognition of thermal radiation anomalies (TRA) 130
For more than 2000 years scientists have been searching for signals preceding 131 earthquakes. According to ancient Greek philosopher Aristotle, "pneuma" (wind/gas) are 132 involves before earthquakes producing strange atmospheric effects (MacArthur, 1980) . 133
The fundamental meaning of "pneuma" is air in motion or electricity in the airs. Fogs and 134 Earth's Energy Budget clouds were recognized as observational evidence for activities prior to major seismicity 135 since the days of Aristotle and Pliny (Roman Empire) and many researchers in ancient 136
China (Tributsch, 1978) . John Milne -an English seismologist and geologist who invented 137 the first modern seismograph has published the first quantitative analysis of atmospheric 138 signals associated with seismicity (Milne, 1913) . He found that for 387 earthquakes in 139
Northern Japan, the sinuses of the curves of means monthly temperature were generally a 140 little ahead of the crest of the waves indicating the earthquake arrival (Milne, 1913) .
141
Just recently a comprehensive catalog of atmospheric pre earthquake signals based on 142 historical and instrumental record for more than 1500 earthquakes between 550 BA until 143
2000AD been published (Tronin, 2011) . Several atmospheric parameters (atmospheric 144 heat, drought, cooling, clouds, air pressure variations, winds, fogs, etc.) have been found 145 before the seismic shocks occurrence related to about 700 earthquakes ( ~50% from the 146 all cases ) and only temperature increased been seen in 10% of the cases , which is still a 147 good indicator, having in mind the thermometer been invented only in 16 th century. In 148 addition to the atmospheric phenomena variety of hydrological changes been reported 149 usually followed by gas release (bad smell) and fogy atmosphere (Tronin, 2011 
224
The claimed connection of TIR emission with seismic activity has been considered, for a 225 long time with some caution, by the scientific community mainly because of the 226 insufficiency of validated data-sets and the scarce importance attached by those authors to 227 other causes (e.g. meteorological) that, rather than seismic activity, could be responsible One of the main parameters used to characterize the Earth's radiation environment is 252
outgoing long-wave-earth radiation (Liebmann and Smith, 1996) . OLR has been 253 associated with the top of the atmosphere integrating the emissions from the ground, lower 254
atmosphere and clouds (Ohring G. and Gruber, 1982) and primarily was used to study 255
Earth radiative budget and climate studies (Gruber and Krueger, 1984) . Daily OLR data 256
were used to study the OLR variability in the zone of earthquake activity (Liu and Kang (1) 271
(2) 273 274
Where: S(x, y, t) the current OLR value, S ̅ (x, y, t)the computed mean of the background 277 field, defined as the daily y mean value of OLR S(x i , y i , t j ) over an area of longitude x and 278 latitude y in the t th day of the M years and τ(x,y,z) the standard deviation over the same 279
location(x,y) and local time(t) as OLR value. This rapid enhancement of radiation could be 280 explained by an anomalous flux of the latent heat over the area of increased tectonic 281 activity. The input data been processed in the native resolution of (2.5x2.5) and the output 282 maps been processed in two steps procedure.: 1/Grid resolution enhancement ( 1x1 degree 283
) with additional pre-processing for avoiding aliasing of short wavelengths; and 2/ Re 284 gridding with spatial filtering and grid points re computing based on "minimum 285 curvature" algorithm used by standard computation packages (Fisher at al, 2008) . 286
In our studies, we used OLR data from NCEP/NOAA's Advance Radiation Radiometer 287 (AVHRR The "daily values", "normal state" and "TRA anomalies" in relation to pre-earthquake 308
OLR The "TRA anomaly" has been calculated as a deviation of daily values from the normal 310 state and normalized by the multiyear standard deviation for the same pixel (Eq.1) and 311
shown on Fig.3 The continuous satellite monitoring of OLR data over Turkey, shows a rapid increase of 318 emitted radiation during mid the September-October 2011 time frame (Fig. 3 ).An 319
anomaly at TOA was detected at 19:00 LT on October 19, 2011, south east of the 320 epicenter area. The anomaly was spatially extended and temporally persistent for 8 hours 321
and was the largest TRA anomaly over the entire European continent at that time 322 (Ouzounov et al., 2014) . 323  324   325   326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344  345  346  347  348  349  350  351  352  353  354  355  356  357  358  359 360 361 
367
The continuous satellite monitoring of OLR data over Greece obtained from NOAA POES 368 satellite system showed rapid increase during the middle of April 2015 and they indicated 369 a probable large earthquake preparation process in Aegean Sea (Fig. 4) 
400
During end of July and firing the August 2014 we detected (prospectively) a large TRA 401
anomaly transient field over Northern California (Fig. 5 ). The location was shifted north 402
West by about 100 km from the M6.0 of Aug 24 rd epicentral area. For this particular case 403
we used a hybrid OLR product between NOAA AVHHR and EOS AIRS observations to 404 advance the temporal coverage of the San Francisco area. In the Southern Napa Valley, 405
California earthquake the value of the OLR compared to the reference field of August 406 2004 to 2014, indicated a rapid change in the thermals anomalous flux rate at 7:00 on 407
August 23. The registered anomalous pattern was the largest energy flux anomaly over the 408
California at this time. ( December 15, 2011 ( Fig.3) . For 2014 Aegean Sea event the breakout started in the 459 beginning of February, the anomaly reached a maximum around May14 and came back to 460 normal on October 15, 2014 (Fig.5 ) . For South Napa the break started in July 20 with a 461 systematic increase reaching the maximum level (OLR values are around 7) in the OLR 462 acceleration on August 22 and going back the normal state in mid-September 2014 463 (Fig.5) .
464
At the ending of the event the anomalous pattern coincided with the same period as the 465 ending of the major aftershock activities in all of the cases. To test the significance of the 466 results for confutationi.e. absence of anomalous OLR signals in absence of major 467 seismic events (Tramutoli et al, 2005) , we calculated the OLR anomalies for the same 468 location for one full year before the major event. The yearly time distribution of OLR 469 shows significant lower level (Fig, 3,4 , and 5 with blue columns) with a randomly 470 distributed pattern. Thus it is not reproducing the strength and temporal evolution of the 471 OLR anomalous signals generated during the year (Fig, 3,4 ,and 5 with red columns). The 472
pre-earthquake OLR anomalies for M7.0 Van (Fig. 3 ) and M6.9 Greece (Fig .4 ) are not 473 overlapping in time with the maxima of the seasonal variations of OLR usually higher 474
during June-August in the Northern Hemisphere (Fig 3.4, black color curve) , which is an 475
indication for the non-weather related origin of OLR anomalous values and their primarily 476
connection with the geodynamics. The M6.0 South Napa occurred in the middle of the 477 summer, 2014 (August 24) and shows that the computational approach used can rival an 478
anomalous pattern even during a period of natural enchantment of the background 479 radiation field ( Fig 5) . Analogous findings were observed within a few days prior to the 
Thermal energy associated with some large earthquakes 484
We have examined the different energy components of recent strong earthquakes (M>8), 485
using observations and theory. Our motivation is to explore the physics of the associated 486 thermal phenomena, i.e. to compare the energy of the earthquakes, as well as the latent 487
heat released prior to the events. We have examined the energy budget of earthquakes via 488 theory and observations for the three mega quakes of Sumatra, M9. We expect that our analysis will shed light on underlying physics (such as of our proposed 494 pre-earthquake lithosphere/ atmosphere/ interaction) associated with some of the largest 495 earthquakes and would potentially be useful for warning of future events. It is large events 496 that give us information about the total energetics and, therefore, they are very useful to 497 provide information about the underlying physics. 498
For the seismic moment Mo, one can use the rupture length, the rupture width and the slip 499
to obtain values of 8.9 x 10 22 J, 1 x 10 22 J and 3.2 x 10 22 J for the 26 Dec. 2004, the 28 500
March 2005, and 11 March 2011 events, respectively. We calculated that 2,000 km 3 land 501 mass was displaced in the 26 Dec. 2004 Sumatra earthquake, while 1,300 km 3 of land 502 mass was displaced in Japan. The seismic moment can be considered to be the total energy 503 in the pre-quake stressed configuration, and is essentially an estimate of the total available 504 energy budget. It is also close to estimate of change in gravitational potential energy Mgh, 505
where M is the mass of the plate, g is gravitational acceleration, and h is the vertical 506 distance the plate is displaced. The original Richter energy was supposed to refer to local 507 damage near the epicenter. But the available energies are much higher than energies 508 creating havoc at the surface. We are estimating the energies of seismic moment, latent 509
heat and moving of landmasses. It is not surprising then that mega quakes of magnitude 9 510 seem to affect the entire Earth. We can estimate the change in the rotational energy of the 511
Earth for these large events as, for example, the rotational rotation period of the Earth 512 decreased 2.68 microseconds while the oblateness decreased by 1 part in 10 10 for the main 513
Sumatra event (Gretchen, 2005) . 514
We compared the latent heat (LH) energy, obtained by integrating (SLHF) over the area 515 and the time of the earthquake, accounting for the overall thermal and mechanical 516 associated energies. The SLHF data used are taken from NCEP/NCAR dataset maintained 517
at the International Research Institute on Climate Prediction (IRI) (http://iri.columbia.edu).
518
Thermal outgoing long wave radiation (OLR) data can also be used. 519
We compared the magnitudes of the energies associated with the 9.3, 8.7 and 9.0 events 520
and their accompanying phenomena. Using the usual conversion of magnitudes to energy 521 (Bath, 1996) associated with surface waves, EQ ~ 4.5 x 10 18 J , EQ ~ 5.5 x 10 17 J, and 1.5 x 522 10 18 J respectively. The total energy release of the entire series of earthquakes, including 523 the many aftershocks, is dominated by these three events. The latent heat energy released 524
prior to the earthquake, ELH, can be estimated by: 525 526
where r is taken in practice by summing pixel by pixel (r) and integrating over time. The 529
result is insensitive because of the strongly peaked nature of the signal occurred around 7 530
Dec. important to research the interconnection between the mechanical processes and their 543 energies, including the latent heat, and associated thermal energies (see below), which 544 might be observed as surrogates for the total energies involved in earthquakes. The poorly 545 resolved global energies may very well turn out to be the dominant term is the latent heat 546 energy release, > ~ 3 x 10 19 J, as we are observing LH, released through the ocean, while 547 the mechanical/kinetic energies are an order of magnitude or less and the energy of rupture 548 an order of magnitude higher. 
569
Our analysis shows that latent heat has been detected several days prior to the earthquake. 570
On Dec 15, 2004, eleven days before the M9.3 Sumatra earthquake a strong anomaly was 571 observed along the rupture zone north of the site of the future epicenter, with a value >4 572 sigma (Fig, 6a ). Similar phenomena with lower intensity and spatial extension were 573 observed on March 6, 2005, twenty days before the March 26, 2005 M8.6 earthquake (Fig.  574  6b) . For the 2011 Tohoku a similar pattern occurred, on March 5, only 6 days before the 575 main shock, strong SLHF anomaly was observed north of the epicentral area, along the 576 future rupture zone (Fig. 6c ). As such, the overall earthquake phenomenon apparently 577 causes LH release; suggesting that terrestrial internal energy is used to produce 
593
TIR anomalies observed from satellites and associated with earthquake processes are less 594 likely to be the result of: (i) earth crust heat flow (because of short-lived phenomena); (ii) 595
convective transport as result of friction processes associated with active faulting (because 596 of their rapid build-up); or (iii) meteorological origin (because of the long persistence of 597 TIR over the same region). The most probable cause of the physical mechanism of the 598 thermal anomaly generation can be the morphology and the release of thermal energy 599 estimations. The most important one is that thermal anomalies are observed over both the 600 land and the ocean. Only strong gas discharges (including the underwater gas discharges), 601
as described by Khilyuk et al. (2000), could be a potential candidate for this possible 602 mechanism.
603
Although their detailed underlying mechanisms are still under debate (e.g. Freund, 2011; 604
Pulinets and Ouzounov, 2011), in the case of earthquakes, the general process that could 605 affect the atmosphere and ionosphere "from below" might be the generation of TRA and 606 the penetration of anomalous electric fields originating close to the surface extending into 607 the ionosphere (Kuo et al., 2011) . It was instrumentally documented that the latest stage of 608 the earthquake cycle (Dobrovolsky et al., 1979) is characterized by mechanical changes in 609
the Earth's crust accompanied by geochemical and electromagnetic anomalies (Scholz et 610 al., 1973; Kasahara, 1981) .The link between the crustal transformation under loading and 611
asperities on faults has been studied (Schorlemmer et al., 2004) . The formation of 612 asperities, increasing crustal porosity this leads to changes in gas migration evidently by 613
an increase of gas release into the boundary layer of the atmosphere.
614
At the last stage of earthquake preparation we observe the activation of faults within the 615 area of the earthquake within this area that leads to increased emanation of gases such as 616 carbon dioxide, methane, hydrogen, helium, including radon (Step #1, Fig.7) . It was 617 established that together with radon diffusion within the crust it is actively released in the 618 atmosphere by carrier gases, which usually are carbon dioxide and methane. A correlation 619
was established between the deformations and radon release (Aumento, 2002) . Radon, due 620 to its radioactivity, produces the air ionization (Harrison et al., 2010) (Step #2, Fig.7) . 621
Air ionization accelerates, drastically, the formation of cluster ions due to newly formed 622 ion hydration. This process is called Ion Induced Nucleation (IIN) (Laakso et al., 2002) . 623
(Step #3, Fig.7 ).This process leads to formation of large charged ion clusters consisting 624 of the charged core ion with the envelope of water molecules, which attach to the ions due 625 their high dipole moment (Sekimoto and Takayama, 2007) . IIN is essentially nonlinear 626 process because it is catalytic exothermic process with simultaneously coexisting two 627 aggregation phase states of the water: condensed and vapor. 628
We will discuss the key question in relationship between the generation of TRA in the 629 atmosphere and the pre-earthquake process. The question is -What are the drivers 630
producing a strong modification of the atmosphere? There is a paradox between the 631 catalytic process: and the energy release, but the source of the energy is different. In the 632 case of TRA it is the latent heat of the water vapor in the air. Here are some estimates: 633
The latent heat constant is Q =40.683 kJ/mol, it means that the heat released per one 634 molecule is U0=Q/NA =0.422 eV where NA =6.022⋅ 10 23 1/mol (Avogadro number).
635
Ionization effectiveness depends on the number of water molecules attached to the ion. If 636 the particle grows to some value of mmax , the number of energy release will be: w = 637
mmaxU0 . If the ion production rate is dN/dt, the heat released in the atmosphere could be 638 expressed as Pa = w⋅ dN/dt . Experimentally the clusters of the order of 1000 nm were 639
found . To ionize any air molecules we need the energy of 640 10-15 eV. One particle of 1000 nm size contains 0.4⋅ 10 12 water molecules this produces 641 the heat release 0.422 eV x 0.4⋅ 10 12 = 1.7⋅ 10 11 eV. So one can easily see that the 642 energy gain due to the latent heat release is 1.7⋅ 10 11 /15 =~10 10 . This is the essential 643 value -Radon and ionization does not produce any energy, the energy is released due to 644 condensation of the water vapor on ions, and consequent release of the latent heat 645 contained in the air water vapor. 646 associated with, and preceding, large earthquakes. Because of their relatively long 698 duration, these anomalies do not appear to be of meteorological origin. We evaluated the 699 mechanical and thermal energies of three major earthquakes to explore the physics of 700 associated thermal phenomena. Our estimates show that the LH released prior to the 701 events is larger than the seismic energy released during the quake. We show that in large 702 earthquakes the associated phenomena may stand out energetically with measurements 703
above variance that arises from other geophysical processes. As we have a greater energy 704 budget for these large events, we emphasize that it can be used to establish a more general 705 earthquake energy phenomenology. Our analysis of transitional thermal fields of recent 706 major earthquakes (M7.3 Van, Turkey, 2011; M6.9 Aegean sea, Greece, 2014; and M6.0 707 Napa Valley, California, 2014) has demonstrated the presence of correlated variations of 708 TRA anomalies in the atmosphere, implying their connection with pre-earthquake 709 processes. Our results suggest the existence of an atmospheric response triggered by the 710 coupling processes between the lithosphere and atmosphere. 711
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